Abstract Analytical solution of thermal diffusion and heat generation effects on MHD Casson fluid flow past an oscillating vertical plate embedded through porous medium in the presence of thermal radiation and chemical reaction is obtained. Ramped wall temperature with ramped surface concentration, isothermal temperature with ramped surface concentration and isothermal temperature with constant surface concentration are taken into account. The governing non-dimensional equations are solved using Laplace transform technique and the solutions are presented in closed form. In order to get a perfect understanding of the physics of the problem we obtained numerical results using Matlab software and clarified with the help of graphical illustrations. With the help of velocity, temperature and concentration, Skin friction, Nusselt number and Sherwood number are obtained and represent through tabular form. Casson parameter is inversely proportional to the yield stress and it is observed that for the large value of Casson parameter, the fluid is close to the Newtonian fluid where the velocity is less than the non-Newtonian fluid. The intensification in values of Soret number produces a raise in the mass buoyancy force which results an increase in the value of velocity. 
Introduction
Magnetohydrodynamics is the study of the motion of the fluid in the presence of magnetic field. The study of MHD flows has great importance, as these flows are quite prevalent in nature.
The application of MHD to natural events received a delayed motivation when astrophysicists came to realize how established throughout the universe conducting, ionized gases and significantly strong magnetic fields. First theory of laminar flow of an electrically conductive liquid in a homogenous magnetic field was introduced in 1937 by Hartman [1] . Huang [2] discussed MHD waves and instabilities in the heat-conducting solar wind plasma. Lee [3, 4] studied energy of Alfve´n waves generated during magnetic reconnection. Nadeem [5] [6] [7] defined analytic/numerical solution of free/mixed convection MHD flow of different fluid. Sheikholeslami [8, 9] considered unsteady free convective MHD flow with nano/ferro fluid with different boundary conditions. Rashidi [10, 11] has discussed on steady/ unsteady MHD and slip flow over a rotating porous disk. Hayat [12] [13] [14] has studied Soret and Dufour effects on one/ three dimensional MHD flow with different fluid and boundary conditions. Hussnan [15, 16] illustrates that free convective flow past an oscillating plate with Newtonian heating. Recently most of the researchers Ahmed [17] , Narayana [18] and Abbas [19] worked on radiation and chemical reactions effects on MHD flow with different fluid with heat and mass transfer.
The theory of non-Newtonian fluid is a part of fluid mechanics based on the continuum theory that a fluid particle may be considered as continuous in a structure. Pseudo plastic time independent fluid is one of the non-newtonian fluids whose behavior is that Viscosity decreases with increasing velocity gradient e.g. polymer solutions, blood, etc. Casson fluid is one of the pseudoplastic fluids that means shear thinning fluids. At low shear rates the shear thinning fluid is more viscous than the Newtonian fluid, and at high shear rates it is less viscous. So, MHD flow with Casson fluid is recently famous. Casson [20] presented Casson fluid model for the prediction of the flow conduct of pigment-oil suspensions. Dash et al. [21] discussed on Casson fluid flow in a pipe with a homogeneous porous medium. Akbar [22] [23] [24] [25] has studied Casson Fluid flow in a Plumb Duct/asymmetric channel. MohyudDin [26, 27] has discussed on magnetic field and radiation effects on squeezing flow of a Casson fluid between parallel plates. Raju [28] has studied effect of induced magnetic field on stagnation flow of a Casson fluid. Kataria [29] [30] [31] published the work on unsteady free convective MHD Casson/micropolar/nano fluid flow with different boundary conditions. Recently, Makanda [32, 33] has discussed effects on radiation as well as chemical reaction on Casson fluid flow. Abbasi [34] [35] [36] [37] [38] [39] has considered three dimensional MHD flow with different fluid and different physical conditions. Such effects are significant when density differences exist in the flow regime. For example when species are introduced at a surface in fluid domain, with different (lower) density than the surrounding fluid, Soret effects can be significant. Also, when heat and mass transfer occur simultaneously in a moving fluid, the relations between the fluxes and the driving potentials are of more complex nature. It has been found that an energy flux can be generated not only by temperature gradients but also by composition gradients as well. The thermal diffusion (Soret) effect, for instance, has been utilized for isotope separation, and in mixture between gases with very light molecular weight (H 2 , He) and of medium molecular weight (N 2 , air). In fluid mechanics, fluid flow through porous media is the manner in which fluids behave when flowing through a porous medium, for example sponge or wood, or when filtering water using sand or another porous material. As commonly observed, some fluid flows through the media while some mass of the fluid is stored in the pores present in the media. The basic law governing the flow of fluids through porous media is Darcy's Law.
Therefore our work can be considered as extension of Ref. [31] . So Novelty of this paper is discussion of analytical solutions using laplace transform and numerical solution using Matlab software (finite difference method) of the unsteady natural convective Casson fluid flow past over an oscillating vertical plate in the presence of a radiation, chemical reaction, thermal diffusion and heat generation with ramped wall temperature and ramped surface concentration through porous medium.
Mathematical formulation of the problem
In Fig. 1 w . An uniformly magnetic field of strength B 0 is applied in the y 0 -axis direction. Induced magnetic field is negligible. We assume that, rigid plate, incompressible flow, one dimensional flow, non-Newtonian fluid, free convection and viscous dissipation term in the energy equation are neglected. Under these conditions we get the following partial differential equation with initial and boundary conditions:
with following initial and boundary conditions:
; as y 0 P 0 and t 0 6 0; u 0 ¼ U 0 cos wt= sin wt; as t 0 > 0 and y 0 ¼ 0;
; as y 0 ! 1 and t 0 P 0 ð4Þ
As we have optically thick Casson fluid, we can use Rosseland approximation [40] @q r @y 0 ¼ À4arðT
where a is absorption constant, T 04 can be expanded as the linear temperature function. Using Taylor series expanding T 04 about T 0 1 and neglecting higher order term, we get
where
Substituting values from Eq. (5) and Eq. (6) in Eq. (3) and in Eqs. (1)- (3) and dropping out the \ 0 " notation (for simplicity) we get
with initial and boundary condition
Exact solution for fluid velocity, Temperature and Concentration are obtained from Eqs. (7)- (9) with initial and boundary conditions (10) using the Laplace transform technique.
2.1. Solution of the problem for ramped wall temperature and ramped surface concentration hðy; tÞ ¼ f 9 ðy; tÞ À f 9 ðy; t À 1ÞHðt À 1Þ ð 11Þ
Cðy; tÞ ¼ h 2 ðy; tÞ À h 2 ðy; t À 1ÞHðt À 1Þ ð 12Þ
uðy; tÞ ¼ g 1 ðy; tÞ þ h 1 ðy; tÞ À h 1 ðy; t À 1ÞHðt À 1Þ ð 13Þ
Solution of the problem for isothermal temperature and ramped surface concentration
In order to understand effects of ramped temperature of the plate on the fluid flow, we must compare our results with Figure 1 Physical sketch of the problem.
isothermal temperature. In this case, the initial and boundary conditions are the same excluding Eq. (10) that becomes h ¼ 1 at y ¼ 0, t P 0. We find the isothermal temperature hðy; tÞ using Laplace transform. 
Nusselt number, Sherwood number and Skin friction
Expressions of Nusselt number Nu, Sherwood Number Sh and Skin friction s for all cases are calculated from Eqs. (11)- (19) respectively using the relation 
Result and discussion
In order to study the influence of physical parameters, we find exact solution using Laplace transform and Numerical solution using Matlab software and present graphically through Figs. 2-12 .
Effect of Casson fluid parameter c on velocity profiles is shown in Fig. 2 . It is found that velocity decreases with increasing values of c. It is noticed that Casson parameter does not have any influence as the fluid moves away from the bounding surface. For the large value of Casson parameter, the fluid resembles to the Newtonian fluid where the velocity is less than the non-Newtonian fluid. It is also observed that the axial velocity at the surface is larger than the transverse velocity. Fig. 3 shows that velocity decreases with increase in M. This is due to the fact that the application of a magnetic field to an electrically conducting fluid gives rise to a resistive force called Lorentz force which has a tendency to slow down 
the motion of fluid in the boundary layer region. Fig. 4 exhibits velocity profile for different values of porous medium k. If we increase porous medium parameter, holes become larger and therefor motion of the fluid rises. Hence velocity increases. Fig. 5 shows effect of radiation Parameter R on Velocity. It is observed that velocity has decreasing tendency with R. It is noticed that thermal radiation parameter reduces thermal buoyancy force, minimizing the thickness of the thermal boundary layer. Therefor velocity decreases tendency with radiation parameter R for all thermal cases. It can be seen that, with increased radiation in Casson fluid, heat transfer process is slow through the region. We compare the result with [31] . 6 shows that velocity decreases with increase in chemical reaction parameter Kr. It is observed that the fluid motion is retarded on account of chemical reaction. We compared result with [31] . Effect of Heat generation parameter H on velocity is described in Fig. 7 . It is noticed that Velocity has increasing tendency with H. Heat source implies generation of heat from the surface of the region, which raises the temperature in the flow field. Therefore, as heat generation parameter increases, the temperature increases as well as motion of the fluid is also increased. Fig. 8 exhibits effects of thermal-diffusion on veloc- 
ity for all thermal cases. It is observed from these figures that the velocity of the fluid gets accelerated by the rise in values of Soret number. Intensification in values of Soret number raises the mass buoyancy force which results an increase in the value of velocity. Fig. 9 shows effect of thermal radiation effects on temperature profile for both thermal plates. It is evident that temperature of the fluid decreases with increase in Radiation parameter. We compare result with [31] . Fig. 10 shows effect of Heat generation parameter H on temperature profile for ramped wall temperature with ramped surface concentration and isothermal temperature with constant surface concentration. For both thermal plates, Temperature increases with increase in heat generation parameter H. Fig. 11 shows that concentration decreases with increase in chemical reaction parameter Kr. This shows that the destructive reaction leads to decrease in the concentration field which in turn fails the buoyancy effects due to concentration gradients. We compare result with [31] . Fig. 12 indicates concentration profile for different values of thermal-diffusion for ramped wall temperature with ramped surface concentration, isothermal temperature with ramped surface concentration and constant temperature with constant surface concentration. For all cases, we illustrate that Soret number tends to increase concentration profile. Tables 1-3 for various values of the governing parameters. Table 2 shows the effect of Pr, H and time on temperature gradient on the surface. For all thermal cases, Prandtl number and Heat source parameter tend to reduce the magnitude of Nusselt number while time variable t tends to reverse process in it. Table 3 indicates the magnitude values of mass gradient at the surface. For all thermal cases, it is shown that thermal radiation and time variable t tend to reduce the values of Sherwood number while Soret number and Heat source parameter tend to reverse effect on it. Table 1 shows the effect of different physical parameter on shear stress. For all thermal cases, ramped wall temperature with ramped surface concentration, isothermal temperature with ramped surface concentration and constant temperature with constant surface concentration, magnitude of Skin friction decreases with increase in Sr and t. It is also seen that, for both thermal cases magnitude of Skin friction increases with increase in Casson parameter c and magnetic field M while decreases with increase in porous medium k. For constant temperature and constant surface concentration, Skin friction decreases with c and M while increases with k.
Conclusion
The purpose of this study was to obtain exact solutions for the unsteady natural convective Casson fluid flow past over an oscillating vertical plate in the presence of radiation, chemical reaction, thermal diffusion and heat generation with ramped wall temperature and ramped surface concentration through porous medium. The expressions for the velocity, Temperature, concentration, Skin friction, Nusselt number and Sherwood number have been obtained in exact form with the help of the Laplace transform method. To analyze the effects of the physical parameters on velocity, concentration and temperature profiles, we find numerical solution using Matlab software and presented graphically. The most important concluding remarks can be summarized as follows: Appendix A
